We present the full result for the divergent one-loop contribution to the effective boson Lagrangian for supergravity coupled to chiral and Yang-Mills supermultiplets. We also consider the specific case of dilaton couplings in effective supergravity Lagrangians from superstrings, for which the one-loop result is considerably simplified.
In this Letter we present the ultraviolet divergent contributions [1, 2] to the one-loop corrections for a general supergravity theory [3, 4] , with only the restriction that the gauge kinetic function is diagonal in gauge indices: f ab (Z) = δ ab k a f (Z). The details of the calculations are given in [1, 2] . Here we give only sufficient details to establish notation and to specify the gauge fixing and our prescriptions for the loop expansion of the effective action.
The tree-level supergravity Lagrangian [3, 4] we adopt, with f (z) = x+iy (which is trivially generalized [2] to f ab = δ ab k a f, k a = constant, and so includes all known string models), is 
where
K(z,z) is the Kähler potential, W (z) is the superpotential, T a is a generator of the gauge group, and
with D i the scalar field reparameterization covariant derivative, and K im the inverse Kähler metric. The one-loop effective action is determined from the quadratic quantum action:
where φ I = Φ I , Θ I , ∂ I = ∂/∂φ I , and the column vectors,
represent the boson, fermion and ghost quantum degrees of freedom, respectively, with α = −Cᾱ T an auxiliary field introduced [1] to implement gravitino gauge fixing. The connection (A I ) K J in (4), which is defined explicitly in [1, 2] , is chosen so as to preserve all bosonic symmetries, and also to simplify matrix elements involving the graviton. In particular the quantum variablesẑ i ,ẑm are normal coordinates in the space of scalar fields:
is the affine connection associated with the Kähler metric K im , giving a scalar field reparameterization invariant expansion. In (4) ψ cl represents background fermion fields that we set to zero; that is, we calculate only the one-loop bosonic action.
For the boson sector, we use a smeared gauge-fixing:
The Yang-Mills gauge-fixing term:
preserves off-shell supersymmetry [5] in the limit of global supersymmetry and coincides with the string-loop result [6] for chiral multiplet wave function renormalization. The graviton gauge-fixing term:
is the one originally introduced by 't Hooft and Veltman [7] , generalized [1] to include the Yang-Mills sector. The script quantum and classical Yang-Mills fields and field strengths are canonically normalized [8] :
where D µ is the gauge and general covariant derivative. In the earlier literature two gravitino gauge fixing procedures have been used: a) a Landau-type gauge [9, 10] 
where D µ contains the spin and chiral Kähler connections. The quantum Lagrangian is obtained by the introduction of an auxiliary field α: δ(G) = dα exp (iαG) , and a shift in the gravitino field: ψ ′ = ψ + γα,ψ ′ =ψ +ᾱγ, so as to diagonalize the gravitino kinetic energy term. The ghost and ghostino determinants are obtained in the usual way as, respectively:
whereD µ is related to D µ or D µ by additional connections [1, 2] . With these choices the one-loop bosonic action takes a very simple form:
which just reduces to determinants of the form of those for scalars and spin- 1 2 fermions. Moreover the ghost and nonghost sectors have separately supersymmetric quantum spectra, except for the Yang-Mills fields:
where N(N G ) is the number of chiral (gauge) supermultiplets. To evaluate (7) we separate [10, 2] the fermion determinant into helicity-even and -odd parts:
where here D µ contains all fermion connections, and
The one-loop bosonic action (7) reduces to:
The helicity-odd term T − is at most logarithmically divergent, and is finite [2] in the absence of a dilaton, that is, for f (Z) = g −2 + iθ/8π 2 = constant. As discussed in [12, 2] there is an ambiguity in the separation (9) of the fermion determinant into helicity-even and -odd contributions, because terms that are even and odd in γ 5 can be interchanged by the use of the identities:
In most cases the choice is dictated by gauge or Kähler covariance. However supersymmetry must be used to fix the off-diagonal gaugino-α and gauginodilaton mass terms:
and the dilaton-dependent gaugino connection:
Eqs. (11) and (12) are precisely the choices that allow Pauli-Villars regularization of the quadratic divergences [12] . The choice (12) further insures the nonrenormalization [13] of the topological charge θ = 8π 2 y, and is consistent with linear-chiral multiplet duality [14] for the dilaton supermultiplet.
With the above conventions we obtain [1, 2] the following result for the divergent contributions to the one-loop corrected effective supergravity Lagrangian:
where indices are raised and lowered with the Kähler metric (F i = K imFm , etc.), and
is the bosonic part of the F -component of the composite chiral supermultiplet constructed from the Yang-Mills chiral superfield
is the bosonic part of the F -component of the chiral supermultiplet
A is an auxiliary field in the gravity supermultiplet [4] .
The results of [1, 2] were calculated using the classical Lagrangian (1) that is obtained after elimination of the auxiliary fields, and are expressed in those papers as functions of the boson fields and their covariant derivatives. It is easy to show that calculating the one loop corrections before or after elimination of the auxiliary fields in terms of their classical solutions gives the same result to the loop order considered. Here we use the auxiliary fields to present the results in a form that lends itself more easily to an interpretation in terms of superfield operators. The real function K R (Z,Z),
contains logarithmically divergent contributions to the the renormalized Kähler potential. It was shown in [12] that the quadratically divergent term, after Pauli-Villars regularization and an appropriate Weyl transformation, can be absorbed into an additional renormalization of the Kähler potential. In writing L 1,2,g we have dropped total derivatives, as well as terms that vanish when the tree-level equations of motion are imposed, including a redefinition [11] of the space-time metric, so as to cast the Einstein term in canonical form. In L 2,g we have also introduced scalar field reparameterization invariant covariant derivatives (ρ ij , ρm ij ) of the variable ρ, defined as the squared gauge coupling ρ = x −1 = g 2 .
In effective supergravity from superstring theory, the classical Kähler potential K(z,z), superpotential W (z) and Yang-Mills normalization function f ab (z) take the forms
In this case 1 − (4x)
Then L 2 and L g reduce to:
with now:
where the second line follows from the tree level equations of motion. In addition, in the untwisted sector of orbifold compactifications, the Riemann tensor is covariantly constant and its elements are related to elements of the Kähler metric. Moreover in many models there are global symmetries that impose R imjn W ij = R imjn W ijk = 0. In this case L 1 can be expressed entirely in terms of F i , D µ z i , M, their complex conjugates, and the Kähler metric; an explicit example is given in [1] . Some comments on the implications and applications of our results are in order. It has already been shown, using the gauge fixing and expansion procedures defined here, that the one-loop quadratic divergences [12] , as well as the logarithmic divergences [15] in the flat space limit and in the absence of a dilaton, can be regulatedà la Pauli-Villars. Regularization of the full supergravity divergences without a dilaton are under study [16] . An objective of this study is to determine the extent to which a regularization procedure can be achieved that preserves nonlinear symmetries of the classical effective Lagrangian. To obtain the full one-loop Lagrangian, including finite contributions, requires a resummation of the derivative expansion. A procedure for resummation will be described elsewhere [16] .
We have presented our results for one-loop corrections to the general classical supergravity Lagrangian [3, 4] with at most two-derivative terms. Our results for this general case can be summarized as follows. We define an operator of dimension d as a Kähler invariant operator whose term of lowest dimension is d, where scalar and Yang-Mills fields are assigned the canonical dimension of unity. Then, among the ultra-violet divergent terms generated at one loop, all operators of dimension 6 or less (as well as many operators of dimension 8) that involve neither the Kähler curvature nor derivatives of the gauge kinetic function can be absorbed by field redefinitions, interpreted as renormalizations of the Kähler potential, or take the form F ab (z,z) W a W b F + h.c., where W a is a chiral Yang-Mills supermultiplet, the subscript denotes the F-component, and the matrix-valued function F ab (z,z) is not in general holomorphic. The remaining terms of dimension 8 and higher must be interpreted as arising from higher order spinorial derivatives of superfield operators. As seen above, the result simplifies considerably for the classical effective Lagrangian derived from string theory, due to the the absence of a potential for the dilaton and the special form of its Kähler potential. These features are modified when the effective Lagrangian includes a nonperturbatively induced [17] superpotential for the dilaton and/or the Green-Schwarz counterterm [18] that is necessary to restore modular invariance. The latter term destroys the no-scale nature of Lagrangians from torus compactification and the untwisted sector of orbifold compactification, and generally destabilizes the effective scalar potential. However this term is of one-loop order and therefore should be considered together with the full one-loop corrections. An interesting question, that will be addressed elsewhere, is whether the one-loop corrections presented here can restabilize the potential.
An important unresolved issue in the construction of effective supergravity Lagrangians for gaugino condensation is the correct form of the kinetic term for the composite chiral multiplet that represents the lightest bound state of the confined Yang-Mills sector. It has recently been shown [19] , in the context of both the linear and chiral multiplet formulations for the dilaton, that such terms can be generated by operators of higher dimension. The effective Lagrangian (17) determines the leading one-loop contribution to the relevant operators; similar operators occur in string theory [20] . Thus the determination of loop corrections can provide a guide to the construction of the effective theory, which in turn could shed light on gaugino condensation as a mechanism for supersymmetry breaking.
